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Description 

TELEVISION TUNER AND METHOD OF 
PROCESSING A RECEIVED RF SIGNAL 

Cross Reference To Related Applications 

[0001] This is a copending application to Application No. 

10/604,018, filed on June 22, 2003,entitled "Passive Har- 
monic Mixer" and assigned to the same assignee, the 
contents of which are incorporated herein by reference. 
This is also a copending application to Application No. 
10/707,319, filed on 2003/12/4, 2003,entitled "Har- 
monic Mixer Based Television Tuner And Method of Pro- 
cessing a Received RF Signal" and assigned to the same 
assignee, the contents of which are incorporated herein by 

reference. 
Background of Invention 

[0002] i. Field of the Invention 

[0003] The invention relates to television tuners, and more par- 
ticularly, to a double conversion television tuner used to 



process a received RF signal. 
[0004] 2. Description of the Prior Art 

[0005] one of the most significant costs in television manufac- 
turing is the cost of the tuner. Furthermore, with the in- 
creasing desire to integrate TV functions into personal 
computer (PC) systems and other electronic devices, the 
cost of the tuner needs to be reduced. TV tuners may be 
fabricated on circuit boards and then installed in personal 
computer systems, thereby allowing the PC to function as 
a television set. These tuners convert a radio frequency 
television signal into a baseband (or low frequency) video 
signal, which can then be passed on to other elements in 
the PC for video processing applications. 

[0006] Fig.l shows a highly integrated television tuner 100 dis- 
closed by US Patent No. 5,737,035. The television tuner 
100 includes an adjustable low noise amplifier 101, a first 
mixer 102, a first local oscillator 104, a band-pass filter 
106, a second mixer 108, being an image rejection type 
mixer, a second local oscillator 110, a first intermediate 
frequency amplifier 112, a second band-pass filter 114, 
and a variable intermediate frequency amplifier 116. 

[0007] pig. 2 shows a frequency domain plot of a filtered interme- 
diate frequency signal 109 in Fig.l. By adjusting the fre- 



quency of the first local oscillator 104, a selected carrier 
frequency in the received RF signal is positioned in the 
first intermediate frequency signal (IF1) at 1220 MHz. This 
desired signal is allowed to pass through the band-pass 
filter 106, which has a center frequency of 1220MHz, and 
results in the desired signal 200 shown in Fig. 2. The de- 
sired signal 200 is then mixed by the second mixer 108 
with a reference signal (LO) from the second local oscilla- 
tor 110 at 1176MHz to produce an output signal at 
44MHz. However, the second local oscillator 110 also 
mixes an image signal 202 located at 1132MHz with the 
1176MHz reference signal, and this too produces an out- 
put signal at 44MHz. In other words, both the desired sig- 
nal 200 and the image signal 202 are located in the out- 
put 111 of the second mixer 108 at 44MHz. 
[0008] | n order to prevent the image signal 202 from interfering 
with the desired signal when mixed with the second mixer 
108, the power level of the desired signal P should be 
higher than the power level of the image signal before 
entering the second mixer 108. For example, a typical im- 
age attenuation requirement specifies the image signal 
202 be at least 50dB below the desired signal 200. As the 
image signal 202 is only 88MHz away from the desired 



signal 200, it is very difficult to build the band-pass filter 
106 with such a sharp fall-off. For this reason, the second 
mixer 108 is required to be an image rejection type mixer 
in order to prevent the image signal 202 from appearing 
in the output 111 of the second mixer 108. 

[0009] pig. 3 shows a Hartely architecture image rejection mixer 
300 as described by Razavi on pages 139 to 144 of the 
textbook "RF Microelectronics". The Hartely architecture 
image rejection mixer 300 receives the filtered intermedi- 
ate frequency signal 109 and includes a first mixer 302, a 
first low-pass filter 304, a 90° phase-delay unit 306, a 
second mixer 308, and a second low-pass filter 310. The 
output of the 90° phase-delay unit 306 and the second 
low-pass filter 310 are added by an adder 312 to form the 
output 111 of the mixer. 

[0010] Although the Hartely architecture image rejection mixer 
300 prevents the image signal 202 from appearing in the 
output 111, the Hartley architecture image rejection mixer 
300 increases the overall design complexity of the tuner; 
increases the power consumption of the tuner due to us- 
ing two mixers 302, 308; and because the filtered inter- 
mediate frequency signal 109 is first divided into in- 
phase I and quadrature Q signal paths using the first 



mixer 302 and the second mixer 308, if there is any mis- 
match caused by the 90° phase-delay unit not being ex- 
actly 90° , the Hartely architecture image rejection mixer 
300 also results in decreased performance due to incom- 
plete image rejection and/or gain mismatch between the 
two paths. This mismatch between the two paths is espe- 
cially serious for signals such a digital TV signals which 
have a very strict QAM256 I, Q mismatch requirement. 
[001 1] Razavi, on pages 144 to 146 of the textbook "RF Micro- 
electronics", also describes a Weaver architecture image 
rejection mixer, which is another image rejection mixer 
architecture used in the prior art. The Weaver architecture 
replaces the 90° phase-delay unit 306 with a second a 
second quadrature mixing operation, which performs the 
same function as the 90° phase-delay unit 306. However, 
the Weaver architecture image rejection mixer shares the 
same problems as the Hartely architecture image reject 
mixer 300, specifically: increased overall design complex- 
ity, increased power consumption, and incomplete image 

rejection due to gain and phase mismatch. 
Summary of Invention 

[0012] According to the claimed invention, a television (TV) tuner 
is disclosed comprising a first mixer for producing an in- 



termediate frequency signal according to a received RF 
signal, a notch filter for filtering an image signal of the in- 
termediate frequency signal, a band-pass filter for pass- 
ing the intermediate frequency signal, and a second mix- 
ing unit for producing an output signal according to the 
passed intermediate frequency signal. 
[0013] Also according to the claimed invention, a method is dis- 
closed for processing a received RF signal, the method 
comprising mixing the received RF signal to produce a 
first intermediate frequency signal, filtering an image sig- 
nal of the first intermediate frequency signal using a 
notch filter, passing the first intermediate frequency sig- 
nal using a band-pass filter, and mixing the passed first 
intermediate frequency signal to produce an output sig- 
nal. 

[0014] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0015] pig.l is a block diagram showing the architecture of a 
conventional television tuner. 



[0016] pig. 2 is a frequency domain plot of the intermediate fre- 
quency signal (IF1) in Fig.l. 

[0017] pig. 3 is a block diagram showing the architecture of a 
Hartely image rejection mixer. 

[0018] Fig. 4 is a block diagram showing the architecture of a 
television tuner according to a first embodiment of the 
present invention. 

[0019] Fig. 5 is an implementation of the notch filter in Fig. 4. 

[0020] Fig. 6 is a block diagram showing the architecture of a 

television tuner according to a second embodiment of the 

present invention. 
[0021] Fig. 7 is a block diagram showing the architecture of a 

television tuner according to a third embodiment of the 

present invention. 
[0022] Fig. 8 is a flowchart describing a method for processing a 

received RF signal according to the embodiments of the 

present invention. 
Detailed Description 

[0023] Fig. 4 shows the architecture of a television tuner 400 ac- 
cording to a first embodiment of the present invention. 
The television tuner 400 includes the same components 
as the conventional television tuner 100 shown in Fig.l 



with the addition of a notch filter 402 added between the 
first mixer 102 and the first band-pass filter 106. 
[0024] The notch filter 402 removes a first range of frequencies 
centered at the image frequency of 1132MHz from the 
first intermediate frequency signal IF1. By using the notch 
filter 402, the power level of the image signal 202 is 
further lowered. The combination of the band-pass filter 
106 and the notch filter 402 allows the power difference 
between the image signal 202 and the desired signal 200 
to be much greater than when only the band-pass filter 
106 is used. In this way, the filtered intermediate fre- 
quency signal 109 output by the band-pass filter 106 
easily meets the image attenuation requirement, which 
typically specifies that the image signal 202 be at least 
50dB below the desired signal 200. Additionally, the notch 
filter 402 does not cause an I, Q mismatch and, particu- 
larly if a passive implementation is used, consumes very 
little power. 

[0025] pig. 5 shows an implementation 500 of the passive notch 
filter 402 in Fig. 4. The notch filter 500 shown in Fig. 5 is a 
passive circuit and includes an inductor coupled between 
an input terminal (IN) of the notch filter 500 and an out- 
put terminal (OUT) of the notch filter 500. Additionally, a 



first capacitor 504 is coupled between the input terminal 
(IN) and a node A, a second capacitor 506 is coupled be- 
tween the output terminal (OUT) and the node A, and a 
resistor 508 is coupled between the node A and ground. 
By using the passive notch filter 500 shown in Fig. 5, there 
is very little power consumed by the notch filter itself and 
the overall tuner design is greatly simplified. The passive 
implementation 500 shown in Fig. 5 is only an example of 
a suitable notch filter; in other embodiments of the 
present invention, other notch filter implementations can 
also be used. 

[0026] it should also be noted that in Fig. 4 the order of connec- 
tion of the notch filter 402 and the band-pass filter 106 
could also be reversed. For example, in another embodi- 
ment of the present invention, the output (IF1) of the first 
mixer 102 is connected to the first band-pass filter 106, 
with the output of the first band-pass filter 106 being 
connected to the input of the notch-filter 402 and the 
output of the notch-filter 402 being connected to the in- 
put of the second mixer 108. According to the embodi- 
ments of the present invention, the band-pass filter 106 
and the notch-filter 402 are connected in series to both 
directly attenuate the image signal 202 with the notch fil- 



ter 402 and to attenuate all frequencies other than the 
desired signal 200 with the band-pass filter 106. 
[0027] other embodiments of the present invention are also pos- 
sible. Fig. 6 shows the architecture of a television tuner 
600 according to a second embodiment of the present in- 
vention. The television tuner 600 includes the adjustable 
low noise amplifier 101, a first harmonic mixer 602, a first 
local oscillator 604, the notch-filter 402, the first band- 
pass filter 106, a second harmonic mixer 606, a second 
local oscillator 608, the first intermediate frequency am- 
plifier 112, the second band-pass filter 114, and the vari- 
able intermediate frequency amplifier 116. The operation 
and implementation of the harmonic mixer is explained in 
Application No. 10/604018 as filed on June 22, 
2003, entitled "Passive Harmonic Mixer" and assigned to 
the same assignee, which is incorporated herein by refer- 
ence. Because harmonic mixers 602, 606 are used, the 
first local oscillator 604 and the second local oscillator 
608 run at half the frequency than those of Fig.l and 
Fig. 4. The first local oscillator 604 operates at a variable 
frequency range between 635MHz to 1140MHz and pro- 
vides a 0° phase signal and a 90° phase signal. The second 
local oscillator 608 operates at a fixed frequency of 



588MHz and provides a 0° phase signal and a 90° phase 
signal. The use of the notch filter 402 in the second tele- 
vision tuner 600 further reduces the image signal 202 in- 
creasing the signal to noise ratio seen at the output. 
[0028] pig. 7 shows the architecture of a television tuner 700 ac- 
cording to a third embodiment of the present invention. 
The television tuner 700 includes the adjustable low noise 
amplifier 101, the first harmonic mixer 602, the first local 
oscillator 604, the notch-filter 402, the band-pass filter 
106, an in-phase harmonic mixer 702, an in-phase am- 
plifier 704, an in-phase low-pass filter 706, an in-phase 
variable amplifier 708, a quadrature harmonic mixer 710, 
a quadrature amplifier 712, a quadrature low-pass filter 
714, a quadrature variable amplifier 716, and a second 
local oscillator 718. The second local oscillator 718 oper- 
ates at a fixed frequency of 610MHz and provides a 0° 
phase-delayed signal, a 45° phase-delayed signal, a 90° 
phase-delayed signal, and a 135° phase-delayed signal. 
The output of the television tuner 700 is an in-phase 
baseband signal I and a quadrature baseband signal Q. 
The full operation and benefits of the harmonic architec- 
ture television tuner are further explained in Application 
No. 10/707,319 as filed on Dec 4 th , 2003, entitled "Har- 



monic Mixer Based Television Tuner and Method of Pro- 
cessing a Received RF Signal" and assigned to the same 
assignee, which is incorporated herein by reference. The 
use of the notch filter 402 in the television tuner 700 fur- 
ther reduces the image signal 202 increasing the signal to 
noise ratio seen at the outputs I and Q. 
[0029] pig. 8 shows a flowchart describing a method for process- 
ing a received RF signal according to the embodiments of 
the present invention. The flowchart contains the follow- 
ing steps: 

[0030] step 802:Mix the received RF signal with a first reference 
signal to produce an intermediate frequency signal having 
a desired signal positioned at a desired frequency in the 
intermediate frequency signal. Proceed to step 804. 

[0031] step 804:Remove a first range of frequencies centered at 
the frequency of the image signal from the intermediate 
frequency signal using a notch-filter. Proceed to step 806. 

[0032] step 806:Pass a second range of frequencies centered at 
the frequency of the desired signal in the intermediate 
frequency signal using a band-pass filter to produce a fil- 
tered intermediate frequency signal. Proceed to step 808. 

[0033] step 808:Mix the filtered intermediate frequency signal 
with a second reference signal to produce an output sig- 



nal. Processing is complete. 

[° 034 ] It should be noted that the order of steps 804 and 806 is 
interchangeable. In other words, in another embodiment, 
the steps in the flowchart could proceed in the following 
order: 802 -> 806 -> 804 -> 808. 

[0035] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



